Disposition and biological activity of benzo[a]pyrene-7,8-dione. A genotoxic metabolite generated by dihydrodiol dehydrogenase.
A novel pathway of polycyclic aromatic hydrocarbon metabolism involves the oxidation of non-K-region trans-dihydrodiols to yield o-quinones, a reaction catalyzed by dihydrodiol dehydrogenase (DD). We have recently shown that in isolated rat hepatocytes (+/-)-trans-7,8-dihydroxy-7,8-dihydrobenzo-[a] pyrene (BP-diol) was oxidized by this route to yield benzo [a] pyrene-7,8-dione (BPQ). We now report the disposition of BPQ and its mutagenic and genotoxic properties. Using [3H]BPQ it was found that 30% of the radioactivity was sequestered by rat hepatocytes into the cell pellet. Isolation of hepatocyte DNA provided evidence for a low level of covalent incorporation of BPQ into DNA (30 +/- 17 adducts/ 10(6) base pairs). Examination of the hepatocellular DNA by agarose gel electrophoresis following treatment with BPQ indicated that extensive fragmentation had occurred. DNA fragmentation was also observed when hepatocytes were treated with BP-diol and this effect was attenuated by indomethacin, a DD inhibitor. Hepatocytes treated with either BP-diol or BPQ were found to produce large quantities of superoxide anion radical (O2.-). The amount of O2.- generated by BP-diol was blocked by DD inhibitors. These data suggest that by diverting BP-diol to BPQ reactive oxygen species (ROS) were generated which caused DNA fragmentation. The ability of BPQ to cause DNA strand scission was further studied using supercoiled phi X174 DNA. It was found that BPQ caused concentration-dependent (0.05-10 microM) strand scission in the presence of 1 mM NADPH (which promoted redox-cycling) provided CuCl2 (10 microM) was present. Complete destruction of the DNA was observed using 10 microM BPQ. This strand scission was prevented by catalase and hydroxyl radical scavengers but not by superoxide dismutase. These data indicate that ROS were responsible for the destruction of the DNA. Using 20 microM (+/-)-anti-7,8-dihydroxy-9,10-epoxy-7,8,9,10-tetrahydrobenzo [a]pyrene [(+/-)-anti-BPDE] only single nicks in the DNA were observed indicating that BPQ was the more potent chemical nuclease. BPQ was also found to be a direct-acting mutagen in the Ames test using Salmonella typhimurium tester strains TA97a, TA98, TA100, TA102, and TA104, but was 10-5500-fold less efficient as a mutagen than (+/-)-anti-BPDE. Our data indicate that DD suppresses the mutagenicity of (+/-)-anti-BPDE by producing BPQ, but in doing so a potent chemical nuclease is produced which causes extensive DNA fragmentation via the generation of ROS.